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(54) [§i!Wco^«i] ^'^jS6KIM<^ffiV^irc1fX^>^3>cfi0gjg|^C5jjj3|g 



1 

(57) mm^R<Dmm 



2 

|:ffi^?^tLO/ N 7Vb > h J: D fg t ^l±;^3 T X J; D ^.f7'^;^? 
An ^ ^ jg I ^gggS tc o T ^ ;^ t> m W^: i5t?^^ ^ f 



(2) 



3 3 0 2 9 9 2 



(ii) ^-^rtOx^X-r^ ^Sffi^^?LH>t^ 
( i v) «||f: 4^D?L:6^ b r/irT^ ft L fz mit^ l» -f iK ^ ^- 

X:6nl^f*^lilf4-^N)tt$kHl<j^ ^4?L>&M L T f?fj-t^ Li6 

mm. 

■'^m\ ^^^:si[j(fi)K>^ J Ii c ^ /c x-s: > 5/ H > ^t-i jfj 
mk^7^^y'y3y^:^om]m\fMoym^im^ti^- 

:^?cin3 yf\^ry YmWim pfi;WL ( I \mvx\) ^ if 

M (ti-aasmeinbrane pressme tliFferonUal) JiffiJ&JS 



1%^P^£-r^3Sij?tmft (revi^rse-flow mode) ^f^lfj L 
(modes) ^mmmn^ c 

^LT±gdi?^3*ftaii:J^TtOlfii (XS) ^Wf ^ : 
t'LMSO/N7Vl/:f:-Y>h (kibble pint) ^Crv;g)(7)(C 
(dislodge) ^^o:>ic-:^'jj'^J^^f^r£if 

xfti (c) o^Mmm^ft^. 

^omo')W^Li^mijmmTa. tm (b) i^t^^m 

ifii^^^juil ^ 1 1 (of i ts own vo 1 1 1 ion) J# 

50 n^o 



(3) 



Unl" 3 3 0 2 9 9 2 



nio'htm-t ^rz}6coTM. (b) mmm^m^mm 
t^mm^jmuirsn (d) (?3fgT\ ;5^oxf',i (e) 

(Omc,imM^\^iUmit (rewetting) t^XU^jilUl 
OSS flow) x^M^f1^<J:7^5o 

^yv>esr-m^^i^. H^J^^5^IS$t^/'^^^%^ii>x;l/^^^ 
ftic^tl^l/\: cnti:P«i:\: (dead-end mode) iif^^ 

Mimumrndtt-^^mm (draining) xuffm^^mm 
^0D9k mmmmf^'^omii^ (draining) xm^m 

(a) g-T^?^iiri*-9-x-<ys/3 y^mmom^mm 
(ii) tm^^k%mz^m l /cf^^^wi^ii d litsffl 



-t^Toy^loymtic'i^m (follow) LTffit(^n^'^:-Fi 

mmcm^J-oy{mxV)4^^i (smaller) 

m^iSx (c i: § ?r5f*^iIKj(c i^mmt ^ T 5 ^ „ 

( i ) :A:tU±Tici][.j/j^l-;5c ^^b'^T^^. toETXiiA 

30 ^C<h;6^^T^^^^. 

(ii) g-ggW^cia^n/cX^Xx^^y^/, {•^f^m 

(i v) It fart^^L^?L:6^ r^^- rf^ft l /ciifSf^^;^ r^'-ItK-r ^ 

oyMfi^ft o ^o:^-(}-joxic X 0 ma^Mf bti^ (3^ 2 

f*^»4'OM'SWA-^^?L Clargerporcs) ^liT] LX' 

Ceinerg ing) :^iX/b^^|i|fl-:tO ^l^iM^^ t" 0 i^tl ^ [^t A tl/ifl 
50 §2pai^<?);^XEfJ-^^?So 



(A 

7 

( a ) ^ m{wmMm.^ wmmk Lmm^tzi^y^ 

(b) H]|5*%^i:jtffiS/iii:V Y;l/^S#i£?:)^B^/c 20 

(ii) '^M(^mm^mm^^mm^\cM^£:-t^. 

fc:fii)'t^J:'5tc|S».^Sfj (agitate) ll^^Ct 

mmommmm 

T : - 

El 1 ait^* Rffiic J: 0 f f^SJj ^-I) -7 ^ ^ - h U v' 

CA)R#|^Jti)SM (flux) t7:)^"^7T$>^. '10 

II 1 Kffitc X 0 ft'f J ^ 7 Y ;b ^ ;b - h U v 

ll2fiffiP^>'x;k EW^47Y;l/^7b- h'J'yv^c?) 



^j^ri1-3 3 0 2 9 9 2 

8 

EI 8 fiKI 7 icm-r ^iTMfti^ta/Si<^«f:^|l^E (no 

rmalizecl flux/'nilP) >rM'^h"ii(^3llT 

EI9^EI 2(o:r:fi^Btc:j::i)*^£[3ijco;jj 1 'j^immrm 
mi-^mm Lxmh-f ^ rl ii x r a t;: n ^ ^ Efif ti^ft 
fi^/imw:^-iRiEJt^Wj/a^?:)giT^^c 

mmm2oy-_Lfizr^^ts~^'mm'^,2%mmWi\c^ 

mxm-A^mmm 2 ^mmr(jh^JM c oymmm 
m\?^iJfm^(om3wmm^^^m.i^sM& do 

wered pressure driven induced filtration) ^/iXE 

mvx-rA^fi!ffl-r^rilfi-^c':)ffi&iaT'^^„ 

iM 1 ^^m(DmAwmmcx^m± m^mM t m 
m 1 bim ^ ?ss!j-r ^ /jue^ x f - a ^ii:^ f->t j t /c in 1 4ic 

$"tt^^«WWS^WttfcEI13cOi/X-'rAc?3L^gl^&>jx 

f ligEIT^^o 

SfjS/Xf-A^gxf\rtt/cSl3c?3S^XxlN(?3*|f4^^^^ 

mnumimriw^mm 7 ^ ^ 7 ^ > 7 u ^s^if*;^^ 

I, bJf ^ tos/xx A^if^f^tt/cl^i 3c?:)ig|t3go^^ 

U v#m 10(^1^] 1 AJc J: ^ r;',fLf^.;iTi}iVA ( f- 1 „w ( hfough) 
T^i^J ^}^lBiCj;'g> (dead end) T^itJ t0 2 7viS 

(iBode) vmht^:itff'7y^^nri'^o m\mf)-h 



9 

iy X ; V 7vP 1 8 fc^ J: li\ □ 1 9 ti: x ;H u|f,ln[5 1 6 *5 J: 
tf 17 (?3 <!: C 5 iC^tl^riiiLm L T I ^ i) o AP 18 ^ ffi P 1 9 

<?3 ^ ;()^ f j:3000 * t?:) ^Stft Tb^^^&l" ^ :6\ C (?3if 
KIlA(?.:^y Y ;P^;^7-~ h U >y vlOfiftt^^arlg:^VvP18(c» 

gIlAO±aiLfcfFlll<^Sifr:(LTO^o f/¥oTAP18 

lib. imvitLryi'^-hiA^xms(Dmnt\ trct^xm 

( "lowered piessure"induced filti^ation) t 



(5) if^.ir 3 3 0 2 9 9 2 

1^ 1 C:|^ cl: t> ^1 1 D c/) ^ y ^ L /ctJffi^ t# ^ 

^ =, ^n-^ i^^l ic 4o cfc Lf 11 ] Dc^:) y 4o i^T mkSdy'2(^7f 

TfiA20 Xl^A37^^l^ < :i:iiA3T imilMim 
-//v^x;l/l2y0^bEi:/jiM^aS^l^i£t^ tj±t}imi^'J-< 
c?)MMir7J frrj O E ./J M <h ^y:) T^^gllf 1 3 ^ fgit ^ 
50 Hc?)(^E7!)^e^itC>i/x h^oM}±^Mo:>%M-VSi> 




tf^m<i)^. :L¥mimE.^nm^m^'TPT^LfzXz) 

{C300-(OTPa11t!lJHT'mWfimi3c?:)^Ft=ivD?L^to)± LT 

mmmy^i^ (can:, c oy±fjm^'p ^']'oyh[}j£ 
s^rm^b^-^^ \'t^ib^mxitc?fs-^nrzXr>izmMm 

1^Xf',!C 1 fix IMBI L T t ^ ^ ?b\ W L /c cfc 

fi: >^ X ;VcO{ft$gSit?:)Sf^lBxe J^phLN^L?^^ ^^MMM^B^ 

b fif mxf .[^inai 



(6) ifJrat 3 3 0 2 9 9 2 

12 

iyjLji] 2(D^i^^^um\ t^^imtr^^ hm/fm.(D 

mm u fi: xgiC2 (Dmmx mc^) mc >- x ;^ m^momm 
m^^'i-t ^m^^imms!'^ 5->^p:t£i-^i> cticx-orw 
icn^-/jf)^±.^-Lrzc ^:6%<$ti^^^ coy^^^mmni'^ 

m oy^^'t^^mMrmmmj^fz^r-h^o ]^miim 
m^mi: Lfzctic^^D^io)^^ ^M^Kt tmxj^H 

10 czoyfi/.^m^m^'M^tzcoxh^o 

mMMfjm (xmc) ^'^imt^rz^icmitoon'oym^ 
m 6 ti. ig 2 ^mmmo:) jm c oy^ tm ^-tt 0 rm9c 

^fT -5 /ci6 ^^^1 5 JC?X L /-:: ^^^y 

!^ 6 oyff^^^ y^mic 'iji-oxmrnt^ nm\ 5 oyM 

lO^a-^. mmmsoy^^^ oy^hMl dumens) ii. f+i.D 

iitiifjft'Ort^. ^t^yySOfi. (break 

tank) ^iximtmm'mzt}-^^ (.fm'smKtmztt<{r-L 
fi. ~'mcyKoyMoz&^i>o 

tO^Tb-^m^p ^ nx I ^ ^ c <h ^fit^-r ^c^riCctoT. :^ 
-hV yi>^m^oyim&2LWit^.. 

40 x;l/i27irf ^fi;L^?L^f£Ex7'-T^.^7^JEi-^ c <hJc cfco 

#PV9^P^1# L T. >l^.u?L^^ i^rv-^/^y^j3nc mm 

iEri^mM(^}fim^f^'^t n-ns~^^:mnLz. i/x 

TFPV4. PV7tj:[l#L. ^nicmi^X. .tilt x7m*g7fPV 

10. pvii. vvn^mmicmfr-t^cticx-DT. xgix 



i^^LX^-^ijo Ctl^cX'O. itmm.lt. :^-°-M8A^$2T 
tactic J: ^TmTt^^fj\ tj- h U y yuw^7ax 

IS. WMifS (rewer) ^y7N^c tUc-Mt^Tfri^ 

myxM. C J; ^iiAgt xi§^ . gi]/^ c^^Jf a-^c ffiffl LT. 
if^'r^OE (TMP) ^^'y7L^^^\Z. m^v^^kM^x^n 

t\ [ElBii:. ?j7tM^IMW;ji!^£h (TMP) t(r>noy0M 40 

K] 9 ti:. Mr^tifc J: ^imx^JP^X^iB^^fiJ 
fC^*LTTn^y KL. fMJKt?.^)^*]^?^-^- K ( LSI A) 



^ l^^.n^a 3 0 2 9 9 2 

M 

c?3-+t > A; ^ Xi?: B o-^f > ^ . XS A X- K 
TSfl^ L m tiO-^\'m t it ^jii L T Xfi B X - K T«f^ L 
/cJ:! ^cof± &^gic^#;ft7!)lli U I ^ I > ^ mm i^^-V^ t § Sit 

mim. TMc^-\^vmrmnt>H. (x^ax- 
^T^itj^T^yyoyf-^tiitmmo:). 'immm^^ 

mioMi'^oxiMh^- Kfi. ii^^l^rAE^iil30ictov^T 

It. TMZ^-Voym'k'^i:m\\\Lrzm^. X^,1AX-K 

oymkmrnLTzm^iztmLxm^imimt Lxm 
o a6 \L M i^-st>of±/j x:em fi: ^ ti T I ^ ^5 o c iO±f 

lll8 0XJiAt?^a/}ft:ii:. MLl/BfPfi;fi<jl.5(C|oV^T 

Tfc,i$^i]ii-r-5o ^nh:>omo:)-) i3^<o^jtom. 
It. ^^"T b t c n t>o:)}Bmic ai$/E ^, 
^To-)^ii.-{immv^ty-ji'^ii. ire ±SiT^iBfM 

X y 1 07fc ci: o T . it^^SAti ^ y ^ io8(c ^ nxv > 



(8) 

15 

^yi^]{mc mi ^ ti T o ^ „ An ^y^mt^^ (Dm 

5^n2i;ijtt-#106. 114. 116ffl^H.^^C. ai^fS^f105 

(J:. ^i-iooriiM. -:fpii2. 114. wmft-T'imLri^^o 

08 { ^ it A L . :: y5 > >K y y 1 1 0 1 C o T IS ;^ I a'( ^ 
o C n^c ^ o Trjgti; ^ > ^ 10 1/^^ b Ifex. ? I ffi ^ 

^^mmmm z^y ^lo 

^^?mm (^mmti^ ^wm ^ mt mm w t nMo:> 

^¥'<^m^ffmA<^f^x&^^ t . 7 D-/vy ^ o:,mcisrA 
izj^r>x-:/u-i^nrc±xcomut. m^:^^xt. 

wi-jji^<^-?x-'misnrcmmi^i^o:)^-mnmticxr> 

ii??Sf?)?;itMii:. Mnoym]mct'oXi^t'^in^nm\^^ 
m ( a ) - ( e ) fy^mkim ^ri^z.ti^c^-,x. 



V:u]^3 3 0 2 9 9 2 

i)\ ^-^mmmo. mic^-ox^m^nrcmimix'^^ 

(b) 5-30#m^Jc:. tr-i06ii:jl^-^n. )l€>M?Ltc 
> ^ 1 01 b ^:>?Etc J; o xmirfmc Stg^ tl^o 4^ ;L^^L 

(r) H)-TO#t^{c. nnmt. t^^tHcmimts 
mmmi * ^ost /j^ b cfc o ^ < ^j^m^ ^ l tz m'^ t 

(d) (b) ^mu^^. 

(e) ig>6^ii^^JM?L^^Tt|^>WL(cif]^b. rr^gr^ii 
4ii?S^>i)SM7^'^SI5i/£:^ti^ST. IM (c) . (d) 

{c. mMmmimmm^mwt^^tifx^^o 

n b fil°^[fif ^^^iliiiOi tnt ^ c tl?L ifii ^?3?Vil?[iyi* t m 
- ifS^il^o ^1 ;j h J: o T xil ^ § E.t/-S^ f i> E 

n<a^f4b4i\. 



(9) 



U^i- 3 3 0 2 9 9 2 



17 

mti.^^¥>Liti^m. 112, 114. ii6^c:e?3^tcilg 

t ^ «n ^^X ^ h ^-{^Z L ^ < ^ ^ ^efec 1 1 

"1)0 ^fio6. 112. 114. n6;^t>^'^oic!Wfi. -K:^i^;m^ 

(ii) ii:rS^^i057^^ (i) tca^^/cj;-5(c. Mt^T 

T^o. fttissiisf^t^ioyjxEEti. nuAtmMicm^^ 

1 0 2 j r-p -^mmmrn 0:) m. - mmti r&i •::> t r£jj m ni 

(iii) #n4fi. 1 -2o#r]gm{cffi/cn. f^^mKc 

(iv) #io6fi. mz.my^^mm^Wi(o\k\^. airfr^ios 

(v) itjie (ii) . (iii) oyMf'^m^:^^^ 

(vi) ^'^M^mif'^-'7^\^wmi^^^. ?4'^i§E^n 

ic, HijgB (iv) . (v) ^S^f'^o 



18 



^>yy^tlTl.^/cBlffJ1%>^X^-7^LTIt£^-§o m± 

3. io4^jJ:(ciR^rt^n/crfi3!aiir:«io2^. mmiAQs 
10 8. M?^^^yym. ii:»$^tt>7'iio. i^m^^hn-^i 

TS«H^ L fz M^nmmi^o^ ^Mi^ t m- o^j^ ^ & o 
WLMnB J; 0 ^ y ^ 10 1 4' a:>ti|?Bti^//%fe ^ mm 

MWimfk^mu-r^rzisborMm'^^i^wt^^^o 
^mm c oxMmmmi^c :>^<?3#ifiM{cffif oris 

(i) ^l()t)^ffl^PbTit}M^I?T^'^. 3-()0f!!?;6^ 

20 (ii) ;^^c^c^r•l02'^:^l^:;t^cii^^:6ncf^}^j(-r^. ct^x^y 
\mo:>rz&bic. #112^. MriuostcajgLT^M''.!^ 

1 2 cOT?jftiJ iy^mc J: T r)ft ? ti ^ J; 3 fc o T 1/ ^ ^1, e 

(iii) #Fii2(i:. s>^m-mmomo:,^mmcmrzn 

(iv) -:f}Mi2ti;. P^-:^p$n. 0-~iQmMm(omc^ 

mmmm^n. mmmo5i>c^M.XLrzWiJ±iSx:^i^m. 

orm'^jc^^ icmii^^tifz t ^-^^ t . ^:ll^£il7.f^^mmv'y 

(v) tn\m'Mn. fvmmm.. m^m^mt^ib 
2. ii6&tfii«.^io5-^^?-))if:ggj5a. ^pio6. 112. nm 

(vi) mm:^mmm^ ti/ciKii^i^ Liiftist/iSE 
icm'^^z't^fz^ic^ (i ) - (v) oMi'Y^^mu.'t 

(vii) ^g^bJJ:. S^j^Sri^ifi^ n/c»i^^-K{^S 
^^M^Huic. »f1^ (vi) ^f^i^O/jVxISf 

50 glisten L/c^j^^mifllgfi^gii:, Hl4{C^sL/c^>0^ 



19 

b nnm<f3^ . m itr- 1 wkrym^^k mam i^mm-^ 

t^fzMc Hill -^^ ^ ;n ^ o 11 7Pf^ E at X E;/j ti: . 

102O ^^mmomR if^p'L-fi^w:)iJS. mjtW'W] ^ -^^s m 

J^i^fClLl^ f,to. i^Y/:^jX(c J:-r)T;i!WlSi{tl ^n/c7k^ 
^ ^'103ti. ^a-r^XJi ii:.a§Of^:3J?--;j^c J: o Trf^^ffifS 102 

mmmix. ^^^mmm oimm^K a it ^ 

iy^ b sf m $ n ^ mw. mtfix x ^ (o r^^j cfc o t ik 



0> l-ni'l-S 3 0 2 9 9 2 

20 

n^o ^(07\Y^Mz[t. ilM^l^i&f■@l32^cJ:oT)^)^■5^ 

^102<7DgtJf^Mjtt:5c 

n^tc^^^T. m\2(DmmsmtmmicLzmif^n 

(i) #fl26. 127(i#P^T$^„ #1'129(i:3?.LL#T'$ 

(^i^ii^Hkoymm^^mmm^m.z^y^unzimt' 

^^zMmicmznzi^^.^ 

(ii) ^^-n2i^. '^y'7\o\o)ii.rmwmoy^m24ic 
m^-^tizh^^o commi^t. mrmt^yy"z5 

^?:>^}^^tT9^CS^li^lJyOfM]#128>^l^#L^pl26^jl^tt^ 
icffi o T. Jff|i6 124 }:i^^^irt ^:itlc^'^zrf'? 

T. »::Sl02r+J(?3±T^?3*'?,'Hi^il§^ ^Hi: 

(iv) ^T' 1 14^1 J/J Jt^L. ^r-i;^7. ]2i<^\}mr^Z ti^C 
cfcoT. ?§i6l24c?3rt^^;^>^>-^lOUC®;flL. 

ib^y^m^oM 4' . mB\ iS7. ic^->zm)i^ 

^i^^mMmiommmrhn. mn. 14. isco 
^mmmmic-Di^zm'ji^Lrzmmd'^ 1 o(cf^oT-^ 

(1) #114. wmmmcutznzi^^^. pm^m^ 



( 

(ii) gf5«102. 103. 104. 105. 106. 112. 114. 116 

^tim«102OS-[S:6^^(tffi$-tt^o dOXlM^cJzo 10 
Civ) #114^P^^L. gp«l02. 103. 104. 105. 10 

6. 112. 114. xm^^y^^mm-^^ *^»*£i*io2s 
(v) mmMm-mmt^^mc. mxA^nmm 

'tf^?f««t')pifilSf;5^^jcfTt?n. HIS. 14. 15C0* 

[^18. i9i?:):;m?»K(?:>--j!ii(73K^ft*x.p^^ (v) (Oi/y 

i-. iWl02. 103. 104. 105. 106. 112. 114. llBT^j^b 

f^i^mifM (4>^:f«i&:5gio2. 'mm.msikx}^nKm& 

•5(c, «6'^I^^gJl35tcJ:':)TSfj$-^i:;So 

fll8. 190^ifiM<i(?D -ilcoftfl^*. (v) (0^ 30 

t Lromnmo:>'^7.^y^y 3 >^/^K;l/131icJ:-DT 

^>^108{Cr||}A^n^P«1ic. #tf^#^151^|lT. P^jh^ 
n/'::?fHrifC^M}A^n^ (fM^^|-°>yi52fj:S)ja-e# 40 

^) . '0WM51%^lT.t:>7°152JCj:oTm^?g 

^ (^ts^T^lOQ. MOitT-mtrj:^) , 

i± i: o TIM ® ^ n ^ }m 1 3 O JiSiiil^ 

lOUi. JM^'V^'^iOSTMiL^tiTl^ 
^c. #^l^lOl^#fi50t^)(!FJ#fic ci:oT::^ME{cB,M^^ 5U 



' ^iv/ir 3 3 0 2 9 9 2 

22 

mm t) mm Trsi^^m^ic . if xeztc i: ^ r jeii^ ti^3^ 
(i) #150. i53^ivM:L. im^mmm^^urD 

C tiCX-DT. ^ll!^101-/)^6(?»Ift:t?3gp{i:U^>r^UT??m 

oi^u t9ttm^^r. -tfioe^PffiKL. 7k>7'io9. ho 
mi^x. "y^yKnmrm^mmt^ctic^^ 
T. ^^^^mmmmrcimmmxti^^f)\ x^t. yfsy 

cnti: itrl^r^ <h ^cOffdm <h ?b^^T-l 06 ^ Zmzm fz t 

L-^r>z\^^y^:Lt\7imn^o kU'j^oy^iUt^ 

-J ^/\ 05^t>^i^|:''^tili.t'^«L4^c?3;±;^j h IC^-oZm 
ti^. mj.h$n/c:^>^iOUi;. 

(a) r«E?6j^>7^155:6^^^f^l58^ii-SfftJ&;b\ X 

co^imicX-oZ. ^-^.b^L^. ffifi[?L^. FM-^n/c 
^^v^ioi^ortrjPtc^oV^T. Z^jf^m-kL. llim?L* 

rz^':^(^yik:^(Dmmmc mt^ikxr^ c tmimn 

(iii) l^y^]OVpoy±)ji,X^ -M50X(f±\5lo:>mmz 

<^'Dzm'pt:i>. coi^immz. ^loe^b^^^ft^ti. 

mm^y ^^m^poy-ttjmm-^n ^ i oi oy-±:yi 

iiiTjii^oiciijg-r^o cn^ay^mi^. m^fs^^nyj^^ 
^y'7[omz\n]r>zB''S^^:^o zcom2(Dim(^^. m 

(iv) Mijta (i) - (iii) tcat-N^f.^f^fj:^ j^^tj, 

^ ^m^i'mLz ^ y^m ^v^^cfim-t^ tz^ 
■ozMmhiEti^wscO')mzmtmmKhnz\^^r^mr^^^ 

\m lit. ^y^t^.it^ -A§t/±Jc» L mtiz 



(12) 
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ii3 

mic-oi^Trn'^Lrz^ olcLT. oTlEfj^ 

v) o-:^m^^&¥:Mlo . 
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